countries. Current data demonstrate that these vaccines help effectively prevent cervical cancer/penile cancer and in some cases genital warts (Garland et al., 2007; Harper, 2008) . In particular, clinical data show that HPV vaccines are particularly efficacious in girls when administered prior to their initiation of sexual activity (WHO, 2009) . A recent multicenter survey found that the average age of sexual debut, defined in this study as initiation of sexual intercourse, was 17 years old among Chinese girls (Zhao et al., 2012a) , which suggests that students in junior high school (ages 13-15) might be the target population for HPV vaccination. Accordingly, students in the college-level schooling (ages 16-23) are the high-risk population for HPV infection and may be qualified as the catch-up group for HPV vaccination. Consistently, the World Health Organization recommends older adolescent females or young women as targeted catch-up vaccination groups (WHO, 2009) .
The acceptability of the HPV vaccine has been explored in elder Chinese women and parents of adolescents (Li et al., 2009; Zhao et al., 2012b; Zhang et al., 2013) , but systematic studies regarding knowledge and acceptability of HPV vaccine among potential catch-up groups, i.e., college students are still lacking. A further barrier is the potential difficulty to promote a national vaccination program against sexual transmitted diseases among college students in a conservative country such as China. Possible obstacles and decision-making factors for HPV vaccination implementation should thus be examined ahead of anticipated government-funded vaccination initiatives.
Therefore, we conducted a multi-center survey to investigate the acceptability of HPV vaccine among Chinese college students, expose potential obstacles towards and decision-making factors for the implementation of the HPV vaccine, and explore appropriate measures to address potential obstacles. This study could provide suggestions for future strategies of more effective HPV vaccine implementation in China.
Materials and Methods

Study design and population
This study was a multi-center, cross-sectional, stratified survey conducted between November of 2011 and May of 2012. Due to cultural and socioeconomic diversity in China, four-stage sampling was used to identify seven cities representing seven different geographic regions including Northern, Northwestern, Northeastern, Central, Southern, Southwestern and Southeastern China. Most identified cities were the capital of a province in each of the 7 regions. The Chinese Ministry of Education classifies Chinese universities into "high-level university, " which ranks amongst the top 112 universities in China, and "lowlevel university" which doesn't rank amongst the top 112 universities. In each city, a "high-level university" and a "low-level university" were selected by the convenience sampling. Students in each university (17-23 years old) were stratified by grade, gender, and major for sampling. Stratified sampling was used to achieve relatively similar sample sizes between freshmen and the students of higher years, males and females, and students majoring in liberal arts and science.
Measures
Our questionnaire was adapted from those used in different populations based on epidemiological expert's suggestions. (Li et al., 2009; Zhao et al., 2012b) It consisted of questions pertaining to the participant's knowledge of HPV, cervical cancer, genital warts, and HPV vaccines, and attitude towards sex. A brief introduction of the efficacy of HPV vaccine were given on the questionnaire before the following question were asked, including perceptions of HPV vaccination, reasons for acceptability and obstacles to acceptability of HPV vaccine. These questions were collected from prompted lists which were adopt from experts' suggestion, and were optimized by pilot studies.
Data collection and quality control
An investigator meeting was held before the study, and local interviewers were trained regarding how to administer a questionnaire by the principal investigator. The survey was administrated before or after classroom study in each university. Before enrollment, study objectives and questionnaire matters were explained to students and those who consented to the survey were invited to complete the self-administrated questionnaire. Students were arranged to sit at a certain distance from each other to avoid inter-individual influence. Information was recorded anonymously in order to encourage honest responses. Most of the questions were prompted. Questions regarding administration of the questionnaire were answered appropriately by trained interviewers during the survey and queries regarding correct answers to questionnaire questions were responded to after the survey. The study was approved by the Institutional Review Board of the Cancer Institute of Chinese Academy of Medical Sciences (CICAMS).
Deidentified survey data were independently entered twice in local databases developed by CICAMS using EpiData (EpiData Association, Odense, Denmark). Completed databases were transferred to CICAMS for validation, and inconsistencies were reported to the related site for amendments based upon original answers in questionnaires. The databases were finalized and locked for analysis when complete consensus was reached.
Statistical analysis
Knowledge regarding HPV and vaccinations, perceptions, and acceptability of HPV vaccination were computed simply by numbers and percentage. Differences between subgroups were tested using the Chi-square test. Association between potential predictor variables and vaccination acceptability was analyzed by Logistic regression, and odds ratios (ORs) with 95% confidence intervals (CIs) were calculated based on Wald Chi-square statistics. SAS 9.2 was used to analyze data. Statistical significance was assessed by two-tailed tests with α level of 0.05.
Results
Profile of college students
A total of 3, 497 students were surveyed between November, 2011 and May, 2012 . Approximately 3.7% of those students who received the invitation refused to participate due to time consuming. Among these students, 1686 were males ( DOI:http://dx.doi.org/10.7314/APJCP.2014.15.7.3239 HPV Vaccine Awareness, Acceptability, and Decision-Making Factors among Chinese College Students of sexual intercourse was comparable among both sexes (18.15 vs 18.58 yrs), more male students reported having a prior sexual intercourse experience (15.81% vs 4.08%, p<0.001). Also, more students in higher grades reported having a prior sexual intercourse experience as compared with that of freshmen (14.72% vs 6.61%, p<0.001). Students majoring in liberal arts showed a higher percentage of sexual activity than those in science curricula (11.04% vs 8.49%, p=0.01). Regarding attitudes towards sexual activity, fifteen percent of all students demonstrated a positive attitude towards premarital sex, and males were more likely to support premarital sex (24.56% vs 6.87%, p<0.001). Conversely, 23.52% of students had negative attitudes towards premarital sex (males vs females: 13.52% vs 32.72%).
Knowledge and acceptability of HPV vaccination
Via questionnaire responses, only 14.3% of undergraduates had heard of HPV. 70.6% had heard of cervical cancer and/or genital warts. Only 8.1% of undergraduates had heard of HPV vaccines. Overall, 26.4% responded with "No, " to all three questions, while 4.5% answered "Yes" to all three. Major sources of HPVrelated knowledge were public lectures, public service announcements, and medical consultations.
Seventy percent of undergraduates expressed an accepting attitude towards HPV vaccination. Women were more positive about receiving a vaccine than men (73.2% vs 68.3%, p=0.001), and first-year students were more positive than students of higher grades (74.52% vs 64.72%, p<0.001). Many undergraduate students (81.3%) considered HPV vaccination as a social responsibility for both genders in order to prevent HPV-associated diseases. Accordingly, 73% would like to encourage their sexual partners to be vaccinated.
Significant reasons for the acceptability of HPV vaccination were as follows: expectation of self or partner benefit (74.2%), fear of future HPV infections (54.5%), fear of potential HPV-associated disease (50.5%), and benefit for others (45.5%). Obstacles to HPV vaccination included concern about the safety of vaccines (71.8%), current limited use of the vaccine (40.5%), lack of understanding the risk for cervical cancer/ anal cancer/ genital warts due to HPV infection (35.7%), concern about efficacy of vaccines (31.4%), and suspicion of manufactory of HPV vaccine (30.6%). Surprisingly, only 13.3% would oppose the vaccination program in respect to the potentially unaffordable price (Table 2) .
Attitudes towards future HPV vaccination were also explored among undergraduates. We found that 47.1% of students supported HPV vaccination considering its good efficacy, and 49.6% expressed a positive attitude towards government-provided subsidies to national vaccination. 24.2% were neutral to future national HPV vaccination but showed concern of an unaffordable price, and 28.1% were neutral but requested further information regarding long-term effects and side effects of the vaccine ( Table  2) .
Perceptions of HPV vaccination
Nearly half of undergraduates (48.4%) did not know that it is beneficial be vaccinated before the initiation of sexual activity. Consistently, 55.9% did not think that individuals under 18 years of age should receive the vaccination. Approximately 60% chose "high school" or "university" as the most suitable school-stage for vaccination. Additionally, the Chinese Center for Disease Control and Prevention (Chinese CDC) was selected as the most appropriate institution for HPV vaccination (61.15%). Regarding who should be preferably vaccinated, options cited most were promiscuous people (64%), people with poor hygiene (52%), sexually active people (50%), people with a family history of HPV-related diseases (46.3%), and people with abnormal gynecological/andrological results (33.9%). Although foreign drugs were usually more expensive than domestic drugs, the students expressed no desire for differential pricing for domestic and foreign vaccines on the basis of comparable efficacy. However, 7% of students set 1, 000RMB as their affordable upper limit for vaccination. The remaining students opted to pay less than 100RMB (40%), or 300RMB (34%) for HPV vaccine (Table 3) .
Factors associated with HPV vaccination among undergraduates
Four variables were significantly associated with acceptability of HPV vaccination in multivariate regression analysis ( DOI:http://dx.doi.org/10.7314/APJCP.2014.15.7.3239 HPV Vaccine Awareness, Acceptability, and Decision-Making Factors among Chinese College Students (EPI) tended to be willing to accept HPV vaccination (OR=1.29; 95%CI: 1.10-1.51). Students worried about suffering from HPV-related diseases were also more likely to accept vaccination (OR= 2.79; 95%CI: 2.28-3.41). Prior knowledge of HPV, HPV-related diseases, and HPV vaccines significantly increased students' willingness towards vaccination, and a clear increasing trend was observed in respect to scores of knowledge (p trend <0.001). However, there were no significant differences in the acceptability of HPV vaccination between students of different genders, majors, or sex experience.
Discussion
This is the first multicenter study to investigate knowledge of and attitudes towards HPV vaccination among undergraduates in China. We found that the acceptability of the HPV vaccine was high (70.8%) among undergraduates. Undergraduates with greater prior knowledge of HPV vaccines, with vaccination experience outside the National EPI, or fear of HPV-related diseases showed higher acceptability of HPV vaccination. Safety was a major concern (71.05%) for HPV vaccination, and the majority of students only willing to pay less than 300RMB for HPV vaccine. CDC was chosen as the most appropriate venue for vaccination.
To date, many countries have designated age groups to receive catch-up HPV vaccination according to WHO recommendations, such as Abu Dhabi, UAE (18-26 yrs), France (15-23 yrs), America, and Australia (13-26 yrs) (Markowitz et al., 2012) . Of note, undergraduates are covered in most of these countries, which signals the importance of understanding perceptions and barriers to HPV vaccination in this group, especially for a populous country like China. Our data showed that 24.6% of the male and 6.9% of the female undergraduates of this study were already sexually active, which was considerably lower than that of American male undergraduates (70%-80%) (Allen et al., 2009; Katz et al., 2011) . Considering that HPV vaccination is most effective in individuals prior to their initiation of sexual activity, we can contend that implementing an HPV catch-up vaccination for Chinese college students would be rewarding in significant prevention of HPV transmission and consequently, cervical cancer development, in China.
This study showed that a higher percentage of undergraduates (70.8%) accepted HPV vaccination compared to Chinese parents of young adolescents (62.3%) and adolescents themselves (36.2%) (Zhang et al., 2013) . This finding was consistent with the acceptability of vaccination among undergraduates in other nations, ranging from 57.7% to 78% (Liddon et al., 2010; Makwe et al., 2012) . However, this acceptability may not necessarily be translated into practice. We notice that the vaccination uptake among undergraduates was low in certain developed countries after HPV vaccine was marketed despite their higher acceptability of HPV vaccination. For example, the actual uptake vaccination rates were only 45% amongst female college students in USA and 1.3% in South Korea (Kang et al., 2009; Lindley et al., 2013) . In contrast, 74-90% of the adolescent girls (12-13 yrs) in the UK received three doses of HPV vaccine in 2009/2010 (Markowitz et al., 2012) . This may be partially explained by the fact that 9-13 years of age is the target group recommended by the WHO and regional or national guidelines. Additionally, school-based programme also played an important role to help adolescents get access to HPV vaccine. Consequently, despite a high willingness, it is also essential to explore factors that may influence HPV vaccination uptake among undergraduates.
Based on our results, students in lower grades in college, with previous vaccination experience outside EPI, and experiencing fear of cervical cancer were more willing to accept HPV vaccination. In addition, higher acceptability of vaccination was associated with a higher score of HPV-related knowledge (p trend <0.001). Lack of knowledge may compromise awareness of the severity of the disease and ultimately the acceptability and subsequent administration of HPV vaccination. Unfortunately, we found that 26.4% of undergraduates had no knowledge of HPV, HPV-related disease, or the HPV vaccine This percentage was surprisingly high, and higher than that of parents of adolescents (17.6%) (Zhang et al., 2013) . It was interesting that although most undergraduates lacked HPV- Canada also demonstrated that recommendations from physicians were more viable for the recipients than from friends and parents (Kang et al., 2009) . Considering that 71.8% of students reported concern of safety, and some doctors did not favor HPV vaccination in another study (Zhao et al., 2012b) , first improving knowledge and awareness among healthcare workers and expanding public education through mass media will also prove invaluable as a component of increasing the acceptability of HPV vaccination in China. An obstacle for HPV vaccination was the price. Although HPV vaccines are currently marketed at the price of US$300 (about 2000RMB), the majority of undergraduates (75.5%) are only willing to pay less than 300RMB. This gap could significantly hinder HPV vaccination, which has been seen in other countries. Half of Hungarian women who were interested in HPV vaccine refused to get vaccinated due to a high price (Marek et al., 2011) . Moreover, 65% of the American college students would like to accept HPV vaccine only if the government provided it for free (Jones et al., 2008) . Only recently, the vaccine manufacturers announced a plan to provide HPV vaccine to the Global Alliance of Vaccines and Immunization supported countries by the cost price (US$4.5 per dose), which was considerably lower than the governmental procurement price per dose (US$13). A recent study showed that HPV vaccination at US$9-13 per dose would be cost-effective in comparison to screeningonly programs in China (Canfell et al., 2011) . Though China will not qualify for GAVI supported pricing, market differential prices exist between developed and developing countries. With the availability of a newly developed domestic HPV vaccine and the government negotiation (Li et al., 2012) , the price is expected to diminish to a more affordable level for middle-class Chinese standards. Furthermore, there is some evidence that two doses, or even one dose, of the HPV vaccine may be as protective against viral transmission as three doses (Kreimer et al., 2011) , which could further contribute to cost reduction.
Since the source of HPV vaccine was doubted by 30.6% of undergraduates and the Chinese CDC was selected as the most appropriate venue for HPV vaccination, we suggest that HPV vaccine may be assigned as a selfpaid vaccine at an initial stage under the supervision of Chinese CDC. Individuals can purchase the vaccine on a voluntary basis. Since half of the students in this cohort requested government subsidy for HPV vaccine, a cost-sharing system may be established after scale-up of HPV vaccination. Government, health insurance, and customers may share the vaccine price. Disadvantaged groups may be given additional support according to a preferential policy (i.e., high subsidy or free of charge). For the general population, a financial subsidy could be provided at an inversely proportional rate to their income level. Ultimately, the HPV vaccine could be incorporated into the EPI to facilitate accessible and equitable benefits for the population (Wang et al., 2010) .
Findings in this nationwide multicenter study are significant, compared with previous studies in other counties that were largely based on convenience sampling and conducted at a single university. Potential obstacles and decision-making factors will help define future HPV vaccination efforts among undergraduates in China. Appropriate measures to address the obstacles explored may be valuable for future HPV vaccination policies and campaigns to address. However, this study still has certain limitations. First, this study was conducted at general-curriculum universities, without any medical college undergraduate students or young people who do not attend university. Furthermore, it included a low percent of minorities. Thus, the generalization of our results should be cautious. Second, given the close-ended nature of the questionnaire, it did not allow for students to elaborate upon why he or she may have provided a certain response. An interview or group discussion format may provide more open and valuable information. Finally, caution should be taken when interpreting the impact factors and the acceptability due to the cross-sectional nature of the study.
In conclusion, the acceptability of HPV vaccination is high in Chinese undergraduates, and certain decisionmaking factors were identified in this study. We hope that public health, reproductive health, health education, disease control, and immunization management professionals collaborate to provide culturally appropriate education regarding the prophylactic vaccine, increase vaccine acceptability, and finally accelerate HPV vaccination in China.
